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ABSTRACT: Despite limited geographic expression of Organosols in Brazil, their high 
carbon storage capacity and natural environmental vulnerability justifies further studies 
on C and N stocks in these soils and their relationship to the nature of organic matter. 
Evaluation of physical and chemical properties of organic soils and their ability to store C 
is important so as to develop sustainable management practices for their preservation. 
The objectives of the study were to measure the total organic carbon stock (OCst), total 
nitrogen stock (Nst), and humic fractions in Organosols from different environments and 
regions of Brazil, and to correlate the data with soil chemical (pH, P, K, Ca2+, Mg2+, Al3+, 
H+Al, CEC, V) and physical properties (soil bulk density, Bd; organic matter density, 
OMd; total pore space, TPS; minimum residue, MinR; and proportion of mineral matter, 
MM), and degree of organic matter decomposition (rubbed fiber content; pyrophosphate 
index, PyI; and von Post index). For that purpose, 18 Organosol profiles, in a total of 
49 horizons, were sampled under different land usage and plant coverage conditions. The 
profiles were located in the following Brazilian states - Alagoas, Bahia, Distrito Federal, 
Espírito Santo, Mato Grosso do Sul, Minas Gerais, Paraná, Rio de Janeiro, Rio Grande 
do Sul, Santa Catarina, and São Paulo. The OCst and Nst varied significantly among 
horizons and profiles. The Organosols exhibited, on average, 203.59 Mg ha-1 OCst and 
8.30 Mg ha-1 Nst, and the highest values were found in profiles with pasture usage. The 
content of the humic fraction (humin, HUM; fulvic acid, FAF; and humic acid, HAF) and C 
storage varied in the soil horizons and profiles according to the degree of decomposition 
and other factors of soil formation. The OCst, Nst, OMd and the C stocks in the humic 
fractions were positively correlated. The values of acidity were lower in the soils with 
higher contents of mineral material, and low pH values were related to a high C/N ratio. 
The OCst and Nst were correlated with different soil properties, the most important 
being the degree of soil organic matter decomposition, which was inversely correlated.
Keywords: soil organic matter, humic substances, histic horizon, physical and 
chemical properties.
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INTRODUCTION
According to the Brazilian Soil Classification System (SiBCS), the soil order Organossolos is 
defined by an organic carbon (OC) content greater than or equal to 80 g kg-1, in addition 
to the criteria of the thickness of organic horizons (Santos et al., 2013). This requirement 
of OC content is lower than the value used in the World Reference Base for Soil Resources 
(WRB), where organic soils (equivalent to Histosols) should contain OC greater than 
200 g kg-1 (IUSS, 2014), and there are differences in the methods used for determination 
of OC. Thus, the soils under study will be referred as Organosols instead of Histosols 
(WRB). The criteria and specific methods for characterizing the Organosols are fully 
detailed in Santos et al. (2013).
Organosols cover an estimated area of 0.6-1.0 million hectares of Brazilian territory and 
are distributed across tropical and subtropical areas. The natural vegetation includes 
mangrove, typhaceae, wetland forests, and highland forests; the last category mentioned 
occupies small areas in mountainous well-drained environments with high vulnerability 
to degradation. However, these soils represent an important asset for agriculture, since 
approximately 50 % of the Brazilian Organosols, mainly in the flat river basin areas, are 
used for farming or as pasture lands (Valladares, 2003). 
Tropical peatlands are an important source of OC and N, and they represent a significant 
source of greenhouse gases (Page et al., 2004; Vegas-Vilarrúbia et al., 2010). The peatlands 
cover only about 3 % of the land surface of the Earth; nevertheless, they account for 
about 30 % of the C storage in the soil biomass (Gorham, 1991; Eswaran et al., 1993). 
Therefore, studies for estimating OC and N stocks in these soils are important, as well 
as for establishing C dynamics. This is necessary to develop sustainable management 
practices of peatlands, including reduction of greenhouse gas emissions from agricultural 
usage and their preservation as pools of organic matter and for maintaining aquifers. 
Knowledge regarding humic substances in soils is fundamental for understanding the 
role of organic matter in the stabilization of soil aggregates and sequestration of C from 
atmospheric CO2 (Hayes and Clapp, 2001; Schmidt et al., 2011). The beneficial effects of 
organic matter on physical, chemical, and biological properties of soil and for agricultural 
sustainability are well known (Batjes and Dijkshoorn, 1999). In contrast, changes in SOM 
contents and in the proportions of soil humic fractions caused by deforestation and 
deficient or non-existent soil management can decrease soil quality (Valladares et al., 
2007). In Organosols, SOM is ordinarily reduced by human activity and agricultural 
intensity, mainly related to decreasing addition of plant residue, artificial drainage for 
agriculture, and promotion of microbial activity by increasing soil aeration by drainage 
(Pereira et al., 2005; Ewing and Vepraskas, 2006; Valladares et al., 2008a,b; Kechavarzi 
et al., 2010; Cayci et al., 2011; Leifeld et al., 2011).
Therefore, the quantification of OC stocks and C fractions in SOM is important for 
measuring C dynamics in different land use systems (Batjes and Dijkshoorn, 1999; 
Bromick and Lal, 2005; Jones et al., 2005; Gundelwein et al., 2007; Henry et al., 2009). 
Since Organosols exhibit high humic fraction stocks because of their organic nature 
(Valladares et al., 2007), the usage of this criterion for their taxonomic categorization 
in soil classification at lower levels (family) are important for a better understanding of 
soil quality, risk of degradation, susceptibility to subsidence, and loss of soluble organic 
matter (Valladares et al., 2008a).
The dynamics of C and N and their fractions have been intensively studied in mineral soils, 
but few studies have assessed the agricultural potential of Organosols in tropical climate 
conditions by characterizing the humic substances and their association with chemical 
and physical properties (Ebeling et al., 2011). Data on the association between C (total 
and/or in humic fractions) and physical properties of Organosols are scarce. According to 
D’Amore and Lynn (2002), Bd and SOM are inversely correlated in Organosols, most likely 
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because of the low bulk density of organic matter in relation to soil mineral fractions. The 
inverse correlation between Bd and C content was also shown in Brazilian organic soils 
by Kämpf and Schneider (1989), Valladares et al. (2007) and Cipriano-Silva et al. (2014). 
Nevertheless, information on associations among C (total and/or in humic fractions), 
organic matter density (OMd), minimum residue (MinR), fiber content, pyrophosphate 
index (PyI), and the von Post index are still limited. 
The hypothesis of this research is that differences in the land use and cover may influence 
in the total organic carbon stock (OCst), total nitrogen stock (Nst), and humic fractions 
in Brazilian Organosols, as soil organic matter decomposition degree and other chemical 
and physical soils attributes.
The objectives of this study were to measure the total organic carbon stock (OCst), 
total nitrogen stock (Nst), and humic fractions in Brazilian Organosols, and to correlate 
the data with soil chemical and physical properties and the degree of organic matter 
decomposition. The soil profiles sampled were located under different land usage and 
coverage conditions, representative of the main Organosol environments in Brazil.
MATERIALS AND METHODS
Samples were taken from 18 soil profiles for a total of 49 horizons (or layers) in regions of 
different landscapes and climates (Table 1, Figure 1) that represent known occurrences of 
Organosols in Brazil. Soil samples were collected, characterized, and classified according 
to field manuals for describing and sampling soils (IUSS, 2006, 2014; Santos et al., 2013). 
The location, climate, current land usage and coverage, elevation, relief, and classification 
of Organosols are in the table 1.
The average values of the main properties used to classify the Organosol profiles are 
shown in tables 2 and 3. The methods used to determine soil fertility and soil bulk 
density (Bd) and total pore space (TPS) are described in Claessen (1997). The horizons 
were sampled with metallic cylinders (Kopeck method), each with 0.05 m diameter 
and 0.05 m depth, to measure soil bulk density (Bd). Samples were also taken to 
measure organic matter density (OMd), minimum residue (MinR), and mineral matter 
(MM), which were expressed in percent value, as well as fiber content, pyrophosphate 
index (PyI), and organic matter (OM) (Lynn et al., 1974). The degree of humification 
(DM) of the peat was estimated using the von Post method (von Post, 1922), described 
by Audet et al. (2013). According to this method, a fresh peat sample is squeezed in 
the hand and observations of the color of the water are made, together with various 
parameters of the peat material extruded (e.g., presence of plant structure, content 
of amorphous material). The von Post scale ranges from 1 (undecomposed peat) to 
10 (completely decomposed peat).
Carbon and N values were quantified by dry combustion with a CHNS analyzer (Elemental 
Analysis System GmbH, Hanau, Germany). Data on C and N contents and Bd were used 
to calculate OC stocks (OCst), N stocks (Nst), and stocks of humic substances according 
to the equation:
Stock (X) = Bd × (X) content × thickness
where stock is expressed in Mg ha-1; X, substance or element in g kg-1 (C, N, humic acid, 
fulvic acid, and humin); Bd, soil bulk density in Mg m-3, contents are expressed in g kg-1, 
and thickness in m. The stocks accumulated from the 0.0 to 1.0 m layer were calculated 
in the 18 soil profiles studied, according to their horizon thickness.
Fractionation of humic substances was performed in triplicate (three extractions for each 
sample) using differential solubility and following the humic fraction concepts established 
by the International Humic Substances Society, adapted by Benites et al. (2003). To that 
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end, a 1.0 g soil mass was immersed in 20 mL of 0.1 mol L-1 NaOH for 24 h. Separation 
between alkaline extract (alkaline extract [AE] = fulvic acid [FAF] + humic acid [HAF]) 
and residue was performed by centrifugation at 5,000 g for 30 min. The residue was 
washed again with 20 mL of the NaOH solution, and this washing solution was mixed 
with the extract, yielding a final volume of 40 mL. The residue was removed from the 
centrifuge tubes and placed in a Petri plate for complete drying at 65 °C. The pH of the 
alkaline extract was adjusted to 1.0 (±0.1) using 20 % H2SO4 before decantation for 
18 h under refrigeration. The precipitate (HAF) was separated from the soluble fraction 
(FAF) by filtration and both volumes were completed with distilled water up to 50 mL.
(1) Brazilian states: AL, Alagoas; BA, Bahia; DF, Distrito Federal, Brasília; MG, Minas Gerais; MS, Mato Grosso do Sul; PR, Paraná; RJ, Rio de Janeiro; 
RS, Rio Grande do Sul; SC, Santa Catarina; SP, São Paulo. (2) Classification in according to Santos et al. (2013). (3) Corresponding to WRB classification 
(WRB, 2006). Climate data obtained from: http://pt.climate-data.org/, accessed on May 2, 2016. (4) No data, obtained by proximity.
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Organic carbon (OC) in the FAF and HAF was determined in 5 mL extract aliquots mixed 
with 1.0 mL of 0.042 mol L-1 potassium dichromate and 5 mL of concentrated H2SO4 in 
a block digester at 150 °C (30 min), followed by titration with 0.0125 mol L-1 ferrous 
ammonium sulfate. In the oven-dried residue, OC was determined in humin (HUM) by 
adding 5 mL of 0.1667 mol L-1 potassium dichromate and 10 mL of concentrated H2SO4 
to a block digester at 150 °C (30 min) and titrating with 0.25 mol L-1 ferrous ammonium 
sulfate and using ferroin indicator solution.
The results were analyzed by descriptive statistics, Pearson’s linear correlation method, 
and Principal Component Analysis (PCA) using the software XLSTAT version 2013.
RESULTS AND DISCUSSION
Soil bulk density (Bd), C and N contents in the humic fractions (FAF, HAF. and HUM), and 
the respective stocks (OCst, Nst) in the horizons studied are shown in table 4.
The values of Bd of histic horizons ranged from 0.06 to 0.96 Mg m-3 (0.34 ± 0.24 Mg m-3, 
mean ± sd). The high variability of this property directly affects OCst estimates and may 
be related to differences in the source of organic matter and/or soil coverage conditions 
and management practices. Agricultural usage is reported as a common reason for 
an increase in Bd in Organosols (Ewing and Vepraskas, 2006; Kechavarzi et al., 2010; 
Leifeld et al., 2011), and the values of Bd in the literature for Organosols are similar to 
the ones observed in this study. In Danish riparian wetlands, Bd values ranged from 0.30 
to 0.50 Mg m-3 (Audet et al., 2013).  In the Orinoco Delta, the Bd value considered to 
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measure C storage was 0.15 Mg m-3 (Vegas-Vilarrúbia et al., 2010). In acid wetlands of the 
New Jersey Pinelands, the Bd values ranged from 0.15 to 1.01 Mg m-3 (Yu and Ehrenfeld, 
2009). Valladares (2003), investigating 100 profiles of Organosols from soil surveys in 
all regions of Brazil, found an average value of Bd of 0.63 Mg m-3, with a minimum value 
of 0.05 Mg m-3 and maximum near 1.0 Mg m-3.
Carbon content in the histic horizons in this study ranged from 91.7 to 555.4 g kg-1 
(294.4 ± 146.1 g kg-1, mean ± sd); and the OCst, for all horizons, ranged from 
8.8 to 183.2 kg m-2 (76.3 ± 36.5 kg m-2, mean ± sd). A number of studies that evaluated 
C contents in Organosols from different regions of Brazil report similar ranges (and mean 
value): 39.0 to 528.1 g kg-1 (237.5 g kg-1) (Ebeling et al., 2008); 114.3 to 568.8 g kg-1 
(1) Brazilian states: AL, Alagoas; BA, Bahia; DF, Distrito Federal, Brasília; MG, Minas Gerais; MS, Mato Grosso do Sul; PR, Paraná; RJ, Rio de 
Janeiro; RS, Rio Grande do Sul; SC, Santa Catarina; SP, São Paulo. P and K: Mehlich-1; Ca2+, Mg2+, Al3+: 1 mol L-1 KCl; H+Al: potential acidity, 
calcium acetate 0.5 mol L-1; SB: sum of bases; CEC: cation exchange capacity; V: base saturation. (2) NaS: sodium saturation. (3) Mean values 
and standard deviation.
Table 2. Chemical properties of the Organosol profiles
State/
Profile(1) P Ca
2+ Mg2+ K+ SB Al3+ H+Al CEC m V NaS(2)
pH
H2O KCl CaCl2







































































































































































































































































































































































































































































































Valladares et al.  Carbon and Nitrogen Stocks and Humic Fractions in Brazilian Organosols
7Rev Bras Cienc Solo 2016;40:e0151317
(351.3 g kg-1) (Fontana et al., 2008); 41.2 to 499.1 g kg-1 (193.1 g kg-1) (Ebeling et al., 
2011); and 44.8 to 528.5 g kg-1 (278.6 g kg-1) (Ebeling et al., 2013). Variation in the C 
contents and stocks are related to local environmental conditions, including the type 
of vegetation, relief, drainage class, and mineral substrate. Another source of variation 
is the heterogeneity of organic material that was added under different conditions and 
that formed the organic layers, i.e., if the material is fibric or sapric. Therefore, this 
variation is controlled by plant cover and by changes in climate, water, and moisture 
conditions over time.
Table 3. Physical properties (bulk density - Bd, particle density - Pd, total pore space - TPS, organic matter 
density - OMd, minimum residue - MinR, mineral matter - MM) and degree of organic matter decomposition 
(rubbed fiber content, pyrophosphate index - PyI, and von Post index) of the Organosol profiles
(1) Brazilian states: AL, Alagoas; BA, Bahia; DF, Distrito Federal, Brasília; MG, Minas Gerais; MS, Mato Grosso 
do Sul; PR, Paraná; RJ, Rio de Janeiro; RS, Rio Grande do Sul; SC, Santa Catarina; SP, São Paulo. Bd, Pd, TPS: 
according Claessen (1997); OMd, MinR, MM, PyI rubber fibes: according Lynn et al. (1974); Von Post degree: the 
von Post method (von Post, 1922), described by Audet et al. (2013); (2) Mean values and standard deviation.
State/
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(1) Brazilian states: AL, Alagoas; BA, Bahia; DF, Distrito Federal, Brasília; MG, Minas Gerais; MS, Mato Grosso do Sul; PR, Paraná; RJ, Rio de Janeiro; 
RS, Rio Grande do Sul; SC, Santa Catarina; SP, São Paulo. (2) Kopecky’s ring method (1997), (3) Benites et al. (2013).
Table 4. Soil bulk density (Bd), carbon and nitrogen contents (C, N) and stocks (OCst, Nst) in the humic fractions (fulvic acid, FAF; 
humic acid, HAF; and humin, HUM), and degree of decomposition of organic matter in the Organosol profiles
Profile(1)/
horizon Depth Bd
(2) C N FAF(3) HAF(3) HUM(3) OCst Nst FAFst HAFst HUMst Degree of decomposition
m Mg m-3 g kg-1 kg m-2
AL1 H1 0.00-0.27 0.06 357.8 21.1 39.3 88.5 172.7 21.5 1.3 2.4 5.3 10.4 Fibric
AL1 H2 0.27-0.65 0.08 110.4 7.7 10.3 27.7 46.5 8.8 0.6 0.8 2.2 3.7 Fibric
AL2 H1 0.00-0.23 0.38 305.8 12.4 23.9 131.0 156.3 116.2 4.7 9.1 49.8 59.4 Hemic
AL2 H2 0.23-0.35 0.11 508.1 12.1 24.3 193.8 225.6 55.9 1.3 2.7 21.3 24.8 Hemic
AL2 H3 0.35-0.65 0.08 454.7 9.5 21.2 139.7 232.7 36.4 0.8 1.7 11.2 18.6 Fibric
BA2 H1 0.00-0.15 0.26 525.3 15.1 23.2 185.7 252.8 136.6 3.9 6.0 48.3 65.7 Sapric
BA2 H2 0.15-0.32 0.14 528.5 11.1 23.8 188.8 267.2 74.0 1.6 3.3 26.4 37.4 Hemic
BA2 H3 0.32-0.81 0.20 369.9 9.5 16.7 189.5 175.8 74.0 1.9 3.3 37.9 35.2 Hemic
BA3 H1 0.00-0.14 0.31 387.6 17.9 36.5 159.5 184.3 120.2 5.5 11.3 49.4 57.1 Hemic
BA3 H2 0.14-0.40 0.17 555.4 11.0 16.2 198.9 281.1 94.4 1.9 2.7 33.8 47.8 Hemic
BA3 H3 0.40-1.00 0.11 508.3 12.6 16.6 208.4 247.2 55.9 1.4 1.8 22.9 27.2 Hemic
DF1 H1 0.00-0.26 0.80 101.7 5.8 11.8 37.8 38.6 81.4 4.6 9.4 30.3 30.9 Sapric
DF1 H2 0.26-0.48 0.57 132.4 6.6 16.3 67.3 43.5 75.5 3.8 9.3 38.4 24.8 Sapric
DF1 H3 0.48-1.00 0.39 196.6 8.0 17.8 119.4 35.1 76.7 3.1 7.0 46.6 13.7 Sapric
ES1 H1 0.00-0.10 0.65 179.8 9.5 19.1 47.0 88.0 116.9 6.2 12.4 30.5 57.2 Sapric
ES1 H2 0.10-0.40 0.70 157.7 8.1 20.1 53.0 97.7 110.4 5.7 14.1 37.1 68.4 Sapric
ES1 H3 0.40-1.00 0.34 227.7 9.7 29.3 84.8 113.8 77.4 3.3 10.0 28.8 38.7 Hemic
MG1 H1 0.00-0.22 0.18 279.0 15.3 40.0 65.9 147.4 50.7 2.8 7.3 12.0 26.8 Hemic
MG1 H2 0.22-0.42 0.39 213.7 9.8 23.6 95.5 77.6 83.9 3.8 9.3 37.5 30.4 Sapric
MG1 H3 0.42-1.00 0.26 366.7 17.2 34.7 142.9 159.6 97.0 4.6 9.2 37.8 42.2 Hemic
MG2 H1 0.00-0.20 0.41 114.8 7.7 14.0 45.1 61.1 47.6 3.2 5.8 18.7 25.3 Hemic
MG2 H2 0.20-0.60 0.24 206.4 11.3 11.9 68.5 105.7 50.5 2.8 2.9 16.7 25.8 Hemic
MS2 H1 0.00-0.20 0.29 121.1 8.0 20.2 52.3 41.4 35.6 2.4 6.0 15.4 12.2 Sapric
MS2 H2 0.20-0.40 0.86 189.3 7.6 7.3 99.4 79.6 163.0 6.5 6.3 85.5 68.5 Sapric
PR2 H1 0.00-0.20 0.66 144.1 6.5 13.1 89.5 36.5 95.5 4.3 8.7 59.3 24.2 Sapric
PR2 H2 0.20-0.55 0.47 192.8 6.0 10.0 143.4 30.7 91.4 2.8 4.7 68.0 14.5 Sapric
PR2 H3 0.55-1.00 0.42 270.0 6.7 21.0 153.7 39.6 113.5 2.8 8.8 64.6 16.6 Sapric
PR3 O 0.00-0.20 0.14 418.9 23.0 57.3 84.2 235.2 58.6 3.2 8.0 11.8 32.9 Fibric
RJ3 H1 0.00-0.25 0.16 339.8 21.6 35.5 115.3 131.8 54.4 3.5 5.7 18.4 21.1 Sapric
RJ3 H2 0.25-0.45 0.17 314.9 23.3 42.6 121.2 139.2 53.5 4.0 7.2 20.6 23.7 Sapric
RJ3 H3 0.45-0.63 0.15 332.3 18.5 51.0 104.8 99.7 49.8 2.8 7.7 15.7 15.0 Hemic
RJ3 H4 0.63-0.90 0.15 288.5 17.8 24.0 95.2 184.4 43.3 2.7 3.6 14.3 27.7 Fibric
RJ4 H1 0.00-0.09 0.80 91.7 5.2 15.6 30.5 20.9 73.4 4.2 12.5 24.4 16.7 Hemic
RJ4 H2 0.09-0.43 0.96 99.5 4.1 17.2 34.2 8.9 95.5 3.9 16.5 32.8 8.5 Sapric
RJ4 Cg1 0.43-0.67 0.97 69.8 2.4 12.7 22.4 3.5 67.7 2.3 12.3 21.7 3.4 Mineral
RJ4 Cg2 0.67-0.74 0.82 44.8 1.4 11.0 22.1 6.0 36.7 1.1 9.1 18.1 4.9 Mineral
RS3 H1 0.00-0.20 0.10 158.3 9.0 22.3 60.9 70.4 15.4 0.9 2.2 5.9 6.9 Sapric
RS3 H2 0.20-0.41 0.46 110.3 5.1 11.0 52.8 45.2 50.8 2.3 5.1 24.3 2.8 Sapric
RS3 Cg 0.41-0.70 0.53 69.3 2.5 5.9 42.3 15.5 37.0 1.3 3.1 22.6 8.3 Mineral
RS4 H1 0.00-0.16 0.43 425.7 13.6 19.4 160.7 199.4 183.2 5.9 8.4 69.1 85.8 Sapric
RS4 H2 0.16-0.80 0.13 482.2 11.3 16.6 153.7 240.1 64.1 1.5 2.2 20.4 31.9 Sapric
RS4 H3 0.80-1.00 0.15 490.0 8.8 12.1 138.4 256.3 73.0 1.3 1.8 20.6 38.2 Sapric
RS5 H1 0.00-0.35 0.36 358.2 14.6 22.3 164.4 147.8 130.1 5.3 8.1 59.7 53.6 Sapric
RS5 H2 0.35-0.46 0.26 291.6 11.5 24.4 134.0 111.4 74.9 3.0 6.3 34.4 28.6 Sapric
SC2 H1 0.00-0.20 0.19 460.0 18.0 30.9 143.1 235.6 88.4 3.5 5.9 27.5 45.3 Hemic
SC2 H2 0.20-1.00 0.09 528.1 13.6 24.5 188.4 260.3 45.6 1.2 2.1 16.3 22.5 Hemic
SP1 Hp1 0.00-0.12 0.58 207.4 9.4 23.7 112.8 53.7 120.3 5.5 13.7 65.4 31.2 Sapric
SP1 Hp2 0.12-0.45 0.61 144.4 3.9 13.2 95.1 17.7 88.1 2.4 8.1 58.0 10.8 Sapric
Mean 0.37 279.8 10.88 21.99 109.06 123.36 76.35 3.11 6.79 32.04 29.74 -
Standard deviation 0.26 152.5 5.48 11.04 53.81 86.77 36.55 1.57 3.79 19.33 19.58 -
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The N content ranged from 1.4 to 23.3 g kg-1 (10.8 ± 5.4 g kg-1, mean ± sd), whereas the 
Nst in the histic horizons ranged from 0.6 to 6.5 kg m-2 (3.1 ± 1.6 kg m-2, mean ± sd). These 
results corroborate the assessment of Ebeling et al. (2011) about chemical properties 
of Organosols from different regions of Brazil, which exhibited an average N content of 
10.9 g kg-1. The highest Nst contents were found in Organosols cultivated with crops, 
most likely due to N fertilization.
In general, the SOM fraction with the highest C stocks (27 of the 49 horizons studied) 
(Table 4) was the HUM. However, 22 of the horizons analyzed displayed higher values of HAF 
stocks (HAFst) than both HUM stocks (HUMst) and FAF stocks (FAFst). The predominance 
of HUM and the HAF in the majority of samples (Table 4) may be related to the molecular 
components forming the associations that are stabilized by hydrophobic interactions and 
hydrogen bonds (Sutton and Sposito, 2005). In contrast, the FAF is the most soluble fraction 
(Sutton and Sposito, 2005) and it may move to deeper layers and undergo polymerization 
or mineralization, which reduces its presence in the soil. Ebeling et al. (2011; 2013) found 
the lowest amount of total C in the FAF fraction of Organosols from different Brazilian 
regions. These results indicate that most SOM is transformed, and recalcitrant fractions 
(HAF and HUM) predominate, in accordance with an increase in aromatic and aliphatic 
compounds, leading to greater polymerization and lower susceptibility to microbial attack.
The total OCst, Nst, and stocks of humic fractions in the soil profiles from the surface 
to the depth of 1.0 m are in the table 5. Ten of the profiles had histic horizons shallower 
than the 1.0 m depth. One profile, classified as a Folic Fibric Organosol, had a histic 
horizon of only 0.20 m and was placed directly over the rock substrate; it was well 
drained and was formed in a highland area with forest coverage. The total OCst in the 
profiles ranged from 30.30 to 320.30 Mg ha-1 (203.59 Mg ha-1 mean value), whereas the 
Nst was 1.90 to 15.20 Mg ha-1 (8.30 Mg ha-1 mean value). By comparison, Batjes (1996) 
estimated average worldwide values of OCst of 776 Mg ha-1. The average Nst reported by 
Batjes (1996) in Organosols was 40 Mg ha-1. In general, the highest OCst and Nst values 
were found in the Organosols under pasture coverage. Grasses are an efficient system 
for maintaining OC stocks in soil due to the quality of organic matter, which contains 
a high C/N ratio, thus reducing the decomposition rate. As a result, biomass residues 
from the pasture, including the roots, are maintained in the soil for a longer period, thus 
increasing the SOM (Pinheiro et al., 2004).
Principal component analysis (PCA), followed by varimax rotation, was used to verify 
association/correlation between soil properties (Table 6) and to form clusters with the 
most similar Organosol profiles (Figure 2). The first, second, and third factors obtained 
explained 47.8, 34.2 and 17.1 % of data variation, respectively; i.e., they explained 
99.1 % of variability. The PCA factors (F2) higher than 0.6 and with the same signal 
(negative in this case) indicate that the OCst, C contents in the humic fractions, and the 
Nst were directly associated (Table 6). The HAFst exhibited the highest correlation with 
the OCst and Nst. As such, the HAFst can be used to indicate the management systems 
most suitable for Organosols.
In a characterization and classification study of Brazilian Organosols, Valladares et al. 
(2007) found that OC content was highly correlated with the HAF and HUM, and weakly 
correlated with the FAF. The lower correlation between C and the FAF was explained by 
the fulvic acid characteristics, such as high solubility and mobility in soil, which increases 
its soil loss in the profile (Schnitzer, 1986; Stevenson, 1994). In addition, the HAF showed 
the highest coefficient of correlation (r) with the Nst (Table 7). This result indicates that 
the HAF may be used as an indicator to evaluate N availability in Organosols, where a 
high C/N rate usually represents a limitation for N fertilization and nutrient usage by 
crops (Valladares et al., 2008a).
Total OCst, Nst, and C contents in the humic fractions were directly correlated with 
OMd and the von Post index, and negatively correlated with the rubbed fiber content 
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(Table 6). Thus, C and N stocks increase as organic matter becomes denser and 
decrease as fiber content increases. This result corroborates a previous study with 
Organosols from the state of Rio Grande do Sul (Kämpf and Schneider, 1989). Also, 
the rubbed fiber contents were shown to be inversely correlated with Bd (D’Amore 
and Lynn, 2002). Therefore, Organosols with sapric materials rich in HAF tend to 
contain higher C and N stocks. The results of this study are evidence that C and N 
stocks in the Organosols are influenced by the degree of decomposition, type, and 
density of the organic matter.
The results for factor 1 of the PCA indicate that the C/N ratio is inversed associated 
with soil pH, measured by different methods, and directly associated with H+ and 
Al3+ (Table 6). The correlation coefficient for the C/N ratio of the Organosols showed 
it to be inversely correlated to the Nst and FAFst (Table 6). It is commonly observed 
that soils with a high C/N ratio result in N-deficiency for crops, as crops compete for 
N with soil organisms that mobilize this nutrient in the form of microbial biomass. 
However, when the C/N ratio is high, the microorganisms that participate in the 
decomposition of organic matter are N-deficient and decrease in population, and 
organic matter decomposition/mineralization becomes slower (Valladares et al., 
2008a), thus reducing production of the FAF.
The value of pH determined by different methods (water, KCl, CaCl2) was positively 
correlated with FAFst and negatively correlated with HUMst (Table 7). These results 
indicate that pH increases with an increase in the FAF. Benites et al. (2010) reported 
Table 5. Stocks of the organic carbon (OCst), nitrogen (Nst), and fulvic acid fractions (FAFst), 
humic acid fraction (HAFst), and humin (HUMst) in the Organosol profiles
State/
Profile(1) Depth OCst Nst FAFst HAFst HUMst
m Mg ha-1
AL-1 0.00-0.65 30.30 1.90 3.20 7.50 14.10
AL-2 0.00-1.00 208.50 6.80 13.50 82.30 102.80
BA-2 0.00-0.81 284.60 7.40 12.60 112.60 138.30
BA-3 0.00-1.00 270.50 8.80 15.80 106.10 132.10
DF-1 0.00-1.00 233.60 11.50 25.70 115.30 69.40
ES-1 0.00-1.00 304.70 15.20 36.50 96.40 164.30
MG-1 0.00-1.00 231.60 11.20 25.80 87.30 99.40
MG-2 0.00-0.60 98.10 6.00 8.70 35.40 51.10
MS-2 0.00-0.40 198.60 8.90 12.30 100.90 80.70
PR-2 0.00-1.00 300.40 9.90 22.20 191.90 55.30
PR-3 0.00-0.20 58.60 3.20 8.00 11.80 32.90
RJ-3 0.00-0.90 201.00 13.00 24.20 69.00 87.50
RJ-4 0.00-0.74 273.30 11.50 50.40 97.00 33.50
RS-3 0.00-0.70 103.20 4.50 10.40 52.80 18.00
RS-4 0.00-1.00 320.30 8.70 12.40 110.10 155.90
RS-5 0.00-0.46 205.00 8.30 14.40 94.10 82.20
SC-2 0.00-1.00 134.00 4.70 8.00 43.80 67.80
SP-1 0.00-0.45 208.40 7.90 21.80 123.40 42.00
Average 203.59 8.30 18.11 85.43 79.29
Standard deviation 84.32 3.37 11.25 42.88 44.50
(1) Brazilian states: AL, Alagoas; BA, Bahia; DF, Distrito Federal, Brasília; MG, Minas Gerais; MS, Mato Grosso do 
Sul; PR, Paraná; RJ, Rio de Janeiro; RS, Rio Grande do Sul; SC, Santa Catarina; SP, São Paulo.
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that availability and solubility of the FAF increased with a rise in pH, although it may 
heighten its susceptibility to loss through leaching or surface runoff. The concomitant 
increase in pH and FAF can also be explained by Al complexation since this fraction 
showed a negative correlation with this property. A reduction in pH value with a rise in 
the HUMst, in turn, is justified by the increase in H+ ions produced by the hydrolysis of 
HUM compounds, as evidenced by their positive correlation.
Total OCst, HAFst, and HUMst were positively correlated with H+ and H+Al contents (Table 7). 
Soil acidity tends to increase as the organic matter content in Organosols increases, 
especially due to H+ ions from organic compounds and hydrolysis of other compounds, 
such as sulfur. These results, along with data on pH correlations, suggest that the higher 
the FAFst is, the more suitable the soil acidity conditions for plant development are; 
besides that, the higher the OCst, HAFst, and HUMst are, the more acidic the soils are. 
Stocks of the organic carbon (OCst), nitrogen (Nst), fulvic acid fractions (FAFst), humic acid fraction (HAFst), 
and humin (HUMst); von Post index, total pore space (TPS), pyrophosphate index (PyI), mineral matter (MM), 
organic matter density (OMd), minimum residue (MinR); SB: sum of bases; CEC: cation exchange capacity, 
base saturation (V), potential acidity (H+Al).
Table 6. Factors estimated by PCA for Organosols based on the matrix of soils properties
Variable F1 F2 F3
PCA Factor
OCst 0.307 -0.899 0.075
FAFst -0.510 -0.685 0.010
HAFst 0.238 -0.854 -0.044
HUMst 0.391 -0.608 0.104
Nst -0.146 -0.837 0.284
Von Post -0.190 -0.746 -0.227
Rubbed fibers 0.185 0.619 0.236
TPS 0.645 0.547 0.382
PyI 0.032 0.584 -0.104
MM -0.792 -0.171 -0.375
OMd 0.182 -0.922 0.034
MinR -0.729 -0.367 -0.402
Ratio OC/N 0.693 0.011 -0.228
pH(H2O) -0.899 -0.022 0.142
pH(KCl) -0.909 0.067 -0.130
pH(CaCl2) -0.775 0.032 0.101
Ca2+ 0.104 -0.148 0.883
Mg2+ 0.102 0.001 0.900
K+ -0.078 -0.036 0.431
Na+ -0.370 0.148 0.400
SB 0.085 -0.053 0.948
Al3+ 0.627 0.076 -0.237
H+ 0.821 -0.396 -0.079
CEC 0.807 -0.351 0.251
V -0.223 0.068 0.941
H+Al 0.846 -0.361 -0.103
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A positive correlation for H+ ions and total C, HAF, and HUM was also found by Ebeling 
et al. (2011) studying Brazilian Organosols.
The inverse correlation found between TPS and the FAFst (Table 7) indicates that an increase 
in soil porosity is associated with FAF reduction. This may occur because an increase in 
TPS may promote percolation and/or the loss of the highly mobile FAF in the profile. The 
positive association between the FAFst and MM (Table 7), in turn, indicates that mineral 
matter can promote stabilization of the FAF fraction, especially in soils rich in clay minerals.
Soil CEC values were positively correlated with the total OCst, HAFst, and HUMst, indicating 
higher cation exchange capacity in Organosols with greater content of OC and HAF and 
HUM fractions. This shows their main role in originating charges in soil, thus contributing 
to nutrient retention and complexation of metal cations.
The PCA showed formation of three clusters of Organosols. One of the groups includes 
the profiles AL2, BA2, BA3, RS4, RS5, and SC2 (Figure 2). All these Organosols are 
located in coastal plain areas, under a tropical climate (Northeast region) and subtropical 
climate (Southern region) of Brazil. They have sulfuric diagnostic horizons and show 
below-average FAFst values. According to Ebeling et al. (2013), Organosols with sulfuric 
horizons provide adequate environmental conditions for C accumulation in the form of 
the HAF as a result of the low pH value, which precipitates the humic acids (Kononova, 
1966), thus reducing their mobility compared to fulvic acids (Sutton and Sposito, 2005). 
In addition, the solubility of the material influences its persistence in soil (Tombácz and 
Meleg, 1990; Schmidt et al., 2011).
The second group was composed of profiles MG2, MS2, PR3, and RS3 (Figure 2). 
Although these Organosols exhibited the highest diversity in terms of location, relief, 
























Figure 2. Clusters of Brazilian Organosol profiles according to carbon and nitrogen stocks, obtained 
by principal component analysis with varimax rotation.
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fraction stocks were responsible for their grouping. All these profiles are located in the 
central part of the continent.
Three other profiles that are closely grouped in figure 2 are MG1, RJ3, and SP1. The RJ3 
is located in flat topography with 40 m elevation and has high nutrient content and base 
saturation, with 0.90 m thickness of organic material. The MG1 occurs in flat topography, 
has an elevation of 874 m, 1,00 m thickness of organic material, and low base saturation 
(dystrophic). The SP1 is located at an elevation of 500 m and is also dystrophic, but 
has only 0.45 m of organic material. The MG1 and RJ3 had greater thickness of organic 
material and lower Bd than SP1, i.e., the profiles differ in elevation, nutrient contents, 
and thickness. The grouping of the profiles was related to the near average values of C 
and N stocks, resulting from the combination of different environments.
*: significant at 0.05 level.  Stocks of the organic carbon (OCst), nitrogen (Nst), fulvic acid fractions (FAFst), 
humic acid fraction (HAFst), and humin (HUMst); von Post index, total pore space (TPS), pyrophosphate index 
(PyI), mineral matter (MM), organic matter density (OMd), minimum residue (MinR); SB: sum of bases; CEC: 
cation exchange capacity, base saturation (V), potential acidity (H+Al).
Table 7. Pearson’s correlation coefficient for organic carbon (OCst) and nitrogen (Nst) stocks, 
fulvic acid fraction (FAFst), humic acid fraction (HAFst), and humin (HUMst), and other chemical 
and physical properties of the Organosols
OCst FAFst HAFst HUMst Nst
OCst 1.000
FAFst 0.484* 1.000
HAFst 0.879* 0.383* 1.000
HUMst 0.722* 0.193 0.455* 1.000
Nst 0.801* 0.705* 0.658* 0.639* 1.000
Von Post 0.529* 0.496* 0.629* 0.158 0.431*
Rubbed fibers -0.367* -0.389* -0.454* -0.099 -0.302*
TPS -0.224 -0.662* -0.284 -0.052 -0.364
PyI -0.413* -0.520* -0.404* -0.187 -0.435*
MM -0.176 0.421* 0.008 -0.316 0.104
OMd 0.943* 0.583* 0.826* 0.701* 0.829*
MinR 0.021 0.574* 0.108 -0.106 0.198
Ratio OC/N 0.194 -0.374* 0.191 0.085 -0.371*
pH(H2O) -0.246 0.473* -0.156 -0.444* 0.111
pH(KCl) -0.377 0.352* -0.292 -0.325* 0.017
pH(CaCl2) -0.229 0.357* -0.083 -0.472* 0.080
Ca2+ 0.173 -0.030 0.143 0.134 0.282
Mg2+ 0.043 -0.106 -0.050 0.074 0.113
K+ 0.080 0.242 -0.034 0.103 0.253
Na+ -0.189 0.110 -0.232 -0.196 0.112
SB 0.089 -0.065 0.015 0.093 0.197
Al3+ 0.075 -0.363* 0.088 0.133 -0.162
H+ 0.539* -0.160 0.545* 0.416* 0.084
CEC 0.504* -0.202 0.483* 0.406* 0.126
V -0.064 0.036 -0.143 -0.056 0.208
H+Al 0.514* -0.195 0.521* 0.406* 0.059
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The PCA graphic did not properly discriminate the Brazilian Organosols according to 
environment and soil formation factors. However, some profiles show similarity and 
formed groups based on the OCst and Nst, and distribution of the humic fractions. Thus, 
this study shows the importance of these parameters in separation of Organosol classes 
and in defining the most sustainable management practices.
CONCLUSIONS
The OCst and Nst values exhibited a wide variation in the Organosols studied, which 
may be attributed to heterogeneity of deposits forming the organic layers, type of plant 
coverage, and soil management practices. The highest values of the OCst and Nst were 
found in the soils under pasture, and, overall, the highest carbon stocks in the humic 
fractions were found in the HUM and HAF.
The OCst, Nst, OMd, and the C stocks in the humic fractions were positively correlated. 
The values of acidity were lower in the soils with higher contents of mineral material, 
and low pH values were related to a high C/N ratio.
The OCst and Nst in the Organosols showed correlations with different chemical and 
physical properties in which the degree of soil organic matter decomposition was the 
most important factor, and it was inversely correlated, i.e., soils with the largest amount 
of least transformed organic matter had the lowest stocks of C and N.
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